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Ontogeny of Adrenergic Arousal
and Cholincrgic Inhibitory
Mechanisms in the Rat

Abstract. With spontancous activity
as a measure of arousal, dose response
curves were cstablished for scopolunine
and amplietamine administered to 10-,
15-, 20-, 25-, and 100-day-cld rats.
Amphetamine always increased activity,
bus scopolamine had no effect on young-
er rats, which suggests that adrencrgic
-excitatory arcas in the brainstem ma-
ture more rapidly than cholinergic in-
hibitory areas in the forebrain.

Generalized excitatory and inhibitory
syslcms in the brain rcgulate overall

ovels of arcusal. The major excitutory
center is thought 10 be the brainstem
reticular formation. When activity in
this area is destroyed by lesions, stupor
vesults (J); when the area is uctivated
by electrical stimulation, electrocortical
and behavioral arousal occurs (2).
Acting in oppositions to this excitatory
region are certain forebrain structures
which serve 1o modulate reticular ex-
citability. When these centers or their
conncctions with the brainstem arc im-
paired, the effects of reticular stimu-
-lants arc greatly augmented (3). When
this area is activated by electrical stim-
ulation, arousal is depressed (4).

The ‘biochemical substrates of the
arousal areas in the hindbrain and in-
hibitory cenicrs in the forebrain are
distinct, with the former primarily
adrencrgic in nature and the latter pre-
dominantly cholinergic (5). Amphet-
amine, which mimics adrenergic trans-
mission by relcase of norepinephrine
- Ay warticularly in the brainstem (7).
mduces Jarge increments in locomiotor
activity, while adrenolytic agents de-
press arousal and generally lead to sc-
dation (8). The anticholinergic drug
scopolamine, which blocks acetvicho-
line transmission by occupation of post-
syraptic sites (9), produces marked
increments in activity (10), while anti-
cholinesterases (I7) and cholinomi-
metic agents (72) dcpress arousal.

It is now generally accepted that the
development of the” Brain proceeds
rostrally with phylogenctically primitive
hindbrain structures maturing earlier
than the younger forcbrain systems
(7/3). Thus nconatal aninials should
pass through a phase during which
they are responsive to reticular stimu-
lants and wunaffected hy cholineraic

hlocking agents because of the func-
tional absence of forebrain inhibitory
mechanisms. We now show that the
aconatal rat is responsive to the retic-
ular stimulunt amphetamine, before it
i responsive to scopolamine, an in-
nibitor of forcbrain cholinergic uctivity.

Dcgree of behavioral arousal was
measured in stabilimeter activity cages
sculed to the size of the animal. The
turgost cages, those used for the adults
(14) consisted of wire mesh cages, 17.5
by 20.0 by 37.5 c¢m, mounted on a
central axle which permitted the cage
to tip slightly and activate a sensitive
switch as the rat moved from one
end to the other. For 10-day-old rats
the cage dimensions were scaled down
iv 6.3 by 7.5 by 13.7 c, and for 13-,
20-, und 25-duv-old rats the cage was
8.7 by 10.0 by 18.7 cm. The activity
ages were housed in temperature-
controlled cubicles maintained at 29°C
for the 10-, 15-, 20-, and 25-day-old
rats and at 22°C for the 100-day-old
rats.

Dosc response curves for both am-
phetamine and scopolamine were deter-
mmed at five different ages: 10, 15,
20, 25, and 100 days. At-euch-dasonid

16374 M samcred 08t add 7@ Ad-Co TRt itiw,

tested raanipecauesc A total of 772
Sprague-Dawley rats were used, half of
which were male and half female.
Rats were removed from living cages
in a central colony room. placed in-the
activity cages for a 30-minuic habitua-

tion period, and then injected svith one-

dose of cither d-amphctamine sulfate
(0.250, 0.50, 1.0, 2.0, 4.0, or 8.0
mg kg, salt weight), scopolaminc hy-
drochloride (0.125, 0.250, 0.50, 1.0,
2.0, or 4.0 mgrkg, salt weight) ar an
equivalent volume of the 0.9 percent

saline vehicle. They were then returned.
2 tours; during this

to the cages for
time the number of "crossings was re-"
corded on printing counters every half
hour, In addition. methylscopolamine
hydrobromide (0.125, 0.250, 0.50, 1.0,
2.0 or 4.0 mg/kg, adjusted for equiv-
alent amounts of scopolamine}), a drug
which does not cross the blood-brain
barricr in significant quantities (I5),
was administered to a group of 25-day-

‘old rats for control of the possibie,
peripheral effects produced by the sco-

polamine hydrochioride. All drugs and
the saline control were administered
intraperitoneully in a volums of 1 m
per Kilogram of body weight.

Figure 1 shows the mean amount of
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Fig. 1. The eflecis of scopolamine byvdro-
chloride and d-amphetamine suliate on
spontaneous activity of rats of five difler-
ent ages. The effect of methy!l scopolumina
is shown by the dotted line in the 25-day
pancl.

activity occurring during the entire 2-
hour test period for all groups. Am-
phctaminc produced an increment in
activity, proportional to
animals at all of the ages studied, while
scopolamine increcased activity cnly in
animais 20 days of age and oclder.
Methylscopolamine had no systematic
effect on activity, which indicates that
the scopolamine-induced increase in ac-
tivity was the result of central raiher
than peripheral effects. No consistent
sex diflerences in response to the drugs
were tound except in the 100-day-old
group, whae the fuindles were e
active repardless of whether drugs were
given or not.

The results also suggest that the
‘maximum eflective dose of amphet-
amine was somewhat dependent on age.
The 15-day group appeared to be more
sensitive to amphetamine than the older
animals insofar as they showed maxi-
mum activity increases in response to
low dosages, whkercas higher dosages
were required to clicit maximum re-
sponse in the older animals, .

These results demonstrate that reac-
tivity to amphetamine and scopoluming
matures at different rates in the nco-
natal rat. To interpret thesc results, it
is most plausible to assume that am-
phetumine acts by releasing endogenous
norepinephrine in primitive hindbrain
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Fig. 2. Spontaneous activity as a function -

of age in nendrugped animals,

arousal centers and that these centers
mature earlier than the forebrain in-
hibitory centers do. In turn, scopol-
amine cannot act to block the cholin-
ergic forebrain inhibitory centers until
these centers are functionally mature
and excrting 2 chronic inhibitory in-
fluence on hindbrain activity.
Additional evidence for the delayed
maturation of forebrain inhibitoty
centers is found in the activity pattern
of the saline control groups. When
these data {combined mecans for all
salinc control groups of the same age)
are plotied separately so that the age-
related trends are not masked by the
larger drug effects (Fig. 2), it is ap-
parent that spontaneous activity in a
novel environment reaches a peak in
rats at about 15 days of age and de-
clines rapidly in the subsequent 10 days.
The increase in activity between days
10 and 15 undoubtedly reflects in-
creasing skeletal muscular development
plus increasing sensory responsivencss
(16). The decline in normal activity
corresponds strikingly to the incrcasing
eflectiveness of scopolamine as a be-
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haviorally arousimg drug, which sug-
gests that forebrain cholinergic inhibi-
tory centers also act to modulate
exploratory activity in novel environ-
ments.

Morcover, this period of declining
arousal and increasing scnsitivity to
anticholinergics also parallcls functional
devclopment of the forebrain. Primitive
electroencephalographic activity is first
noted at 6 days afler birth, but the
spectral composition does not apprexi-
mate that of the adult until the rat is
between 25 and 30 days of age (/7).
Mpyelin, which.is present in the brain-
stem at birth, is not scen in the fore-
brain until 10 days after birth, with
‘the greatest deposition occurring be-
tween 15 and 30 days of age (78).
Similarly, the number of synaptic junc-
tions in the cortex undergocs massive
proliferation betwecn 15 and 25 days
of age (/9).

Considerable evidence from studies
of humans supports the view that the
forebrain arcas exert inhibitory control
over hindbrain mechanisins (2G). Both
the human infant and the rat display
little more than simple involuntary re-
sponses at birth. With maturation. many
of these reflexes disappear and then re-
appear with corticol atrophy in scnes-
cence or after cortical injury (21).
Forebrain development thus appears to
modulate both primitive reflexes and
behavioral arousal. Qur data suggest
that at least some portion of this in-
hibitory mechanism is cholinergic.
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